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Introduction {#s0005}
============

Coronary artery fistulas are congenital or acquired anastomoses through which blood bypasses the myocardial capillary network and is shunted into cardiac chambers or major thoracic vessels. The majority of coronary fistulas arise from the right coronary artery (RCA) or the left anterior descending artery, whereas the circumflex coronary artery is rarely involved [@b0005]. These fistulas vary widely in their morphological appearances and presentations such as dyspnea, heart failure, endocarditis, arrhythmias, and myocardial ischemia; nevertheless, about half of the cases may be asymptomatic and clinically undetectable [@b0010]. While coronary artery fistulas are usually asymptomatic in younger patients, with increasing age, symptoms begin to appear and there may be a rise in the incidence of complications [@b0015]. Acquired causes of coronary fistulas are rare disorders and may develop following coronary atherosclerosis, infection, or trauma (iatrogenic) [@b0020], [@b0025], [@b0030], [@b0035], [@b0040]. Iatrogenic coronary fistulas may be acquired secondary to surgical or nonsurgical interventions [@b0045]. Herein, we describe an unusual case presenting with heart failure and ventricular arrhythmia, which was treated with a unique approach of coil embolization.

Case report {#s0010}
===========

A 46-year-old woman was referred to our hospital for the device closure of an iatrogenic coronary artery--left ventricle fistula. She had undergone mitral valve replacement surgery 22 years earlier because of severe rheumatic mitral valve stenosis. Our review of the surgery report revealed that the mitral valve was replaced with a St. Jude 31 metallic prosthetic valve, but because of a tear in the left circumflex artery (LCx) during surgery, the proximal portion of the LCx was ligated and a saphenous vein graft was implanted on the obtuse marginal (OM) from the aorta.

The patient complained of chronic functional dyspnea (New York Heart Association Class II) and palpitation. She had experienced frequent episodes of lightheadedness about 2 weeks previously, but after a week referred to another hospital because of loss of consciousness. At presentation, she was treated with electrical cardioversion due to ventricular tachycardia. Further evaluation showed reduced systolic left ventricular ejection fraction (25%) and good prosthetic valve function. Laboratory examinations were unremarkable, but single-photon emission computed tomography revealed significant ischemia in the anterior region. So, the patient underwent coronary angiography, which illustrated a fistula from the proximal LCx to the left ventricular cavity. In addition, the saphenous vein graft was occulted, but the OM and the distal portion of the LCx were filled retrogradely by a collateral branch from the RCA ([Fig. 1](#f0005){ref-type="fig"}). The patient refused redo-surgery; consequently, she was referred to our hospital for coil embolization at the proximal portion of the LCx.

The patient was transferred to the catheterization lab, where she underwent coronary intervention. Firstly, we tried to implant an Axium 3D Coils ev3, Covidien, USA (6 mm × 20 cm), but the coil dropped into the left ventricle ([Fig. 2](#f0010){ref-type="fig"}). We then sought to remove the coil from the left ventricle using a pigtail. After reaching the aorta, we succeeded in snaring the coil in the left popliteal artery ([Fig. 2](#f0010){ref-type="fig"}). Thereafter, we deployed a 4 mm × 15 mm Scepter C balloon (MicroVention-Terumo, USA) in the ostio--proximal portion of the LCx to decrease the blood flow toward the LCx. This is an over-the-wire balloon catheter. After removing the guide wire, the coils are introduced via the central lumen of the Scepter C balloon catheter while the balloon was inflated. Finally, we implanted three coils in the LCx (10 mm × 36 cm MicroPlex-10 (Microvention, Terumo), 7 mm × 20 cm Axium 3D (Covidien Axium), and 7 mm × 30 cm Axium Helix (Covidien, USA); [Fig. 3](#f0015){ref-type="fig"}).

Two days later, the patient underwent echocardiography, which showed significant improvement in left ventricular ejection fraction (reaching 40%). At 10 months' follow-up, she was asymptomatic and single-photon emission computed tomography demonstrated no ischemia in the anterior territory. Additionally, coronary computed tomography angiography illustrated no residual shunt from the LCx to the left ventricular cavity ([Fig. 4](#f0020){ref-type="fig"}).

Discussion {#s0015}
==========

Iatrogenic coronary fistulas in surgical procedures may develop secondary to septal myectomy, coronary artery bypass grafting, valvular replacement or repair, or correction of congenital anomalies [@b0050], [@b0055], [@b0060]. They may also develop in some nonsurgical interventions such as endomyocardial biopsy, electrophysiological procedures, and percutaneous coronary interventions [@b0065], [@b0070], [@b0075], [@b0080], [@b0085]. Because of the proximity of the LCx to the mitral valve annulus, this artery is more susceptible to either direct injury or distortion during mitral valve surgery [@b0090].

For the first time, Danielson and colleagues [@b0095] in 1967 described injury to the LCx following mitral valve surgery. Somekh and colleagues [@b0100] described a patient who experienced early myocardial infarction secondary to the occlusion of the LCx following mitral valve repair. The authors described how percutaneous coronary intervention aimed at opening the LCx occlusion led to the development of a fistula from the coronary artery to the left atrium and explained that they performed redo-surgery to directly close the fistula. Barceló and colleagues [@b0105] described an iatrogenic fistula from the left anterior descending artery to the right ventricle after mitral and aortic valve replacement. The authors closed the ostial part of the fistula with direct implantation of a polytetrafluoroethylene-coated stent. By contrast, in our patient, although the fistula developed directly after valvular surgery, the symptoms of heart failure and ventricular arrhythmia manifested themselves very late (22 years later). Interestingly, according to the existing literature, the majority of the cases having experienced iatrogenic fistulas from the coronary artery to the left ventricular cavity were asymptomatic. This may be because of spontaneous occlusion, especially in patients who experience coronary fistulas after surgical myectomy and in those with hypertrophic cardiomyopathy [@b0045], [@b0110].

There is currently a paucity of data on the management of iatrogenic coronary fistulas. The limited number of available case reports are on the use of surgical closure [@b0115] or percutaneous interventions such as the placement of a covered stent [@b0105], [@b0120] and a detachable balloon [@b0125] in symptomatic patients. In our literature review, we did not find any studies on the use of transcatheter coil embolization for the management of iatrogenic coronary fistulas. In our case, after the patient refused redo-surgery, we opted for percutaneous intervention to close the fistula. Because the fistula was between the proximal portion of the LCx and the left ventricle and the distal portion of the LCx and the OM was filled by collaterals from the RCA, we scheduled the patient for coil embolization. In our first attempt, however, the coil (Axium 3D Coils ev3) immediately dropped into the left ventricular cavity---probably because of the high flow from the LCx to the left ventricle. As a result, in a unique technique, we implanted another three coils with the aid of a Scepter C balloon with inflation at the ostial portion of the LCx, which helped diminish the coronary flow. At follow-up, the patient was asymptomatic and coronary computed tomography angiography showed no residual shunt.

Although iatrogenic coronary artery fistulas constitute a rare condition that may be asymptomatic, in some cases, they may present with life-treating conditions. We herein introduced a case of fistula from the LCx to the left ventricular cavity after mitral valve replacement that presented with very late heart failure and ventricular arrhythmia. Because of the patient's special coronary artery anatomy, we performed transcatheter coilembolization for the occlusion of the proximal portion of the LCx.
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![Selective coronary angiography shows a fistula between the proximal left circumflex artery and the left ventricular cavity after mitral valve replacement (A). Additionally, the distal portion of the left circumflex artery and the obtuse marginal is filled via the collaterals from the right coronary artery (B).](gr1){#f0005}

![First, the coil immediately drops into the left ventricular cavity (A). The coil is, thereafter, snared at the level of the left popliteal artery (B).](gr2){#f0010}

![A 4 mm × 15 mm Scepter C balloon is deployed in the ostio--proximal portion of the left circumflex artery (LCx) to decrease the blood flow toward the LCx (A), and then three coils are implanted in the LCx (B).](gr3){#f0015}

![(A, B) At 10 months' follow-up, coronary computed tomography angiography illustrated no residual shunt from the left circumflex artery(LCx) to the left ventricular cavity. LAD = left anterior descending artery; LM = left main artery; RCA = right coronary artery.](gr4){#f0020}
